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An amidst of hyaluixjnic acid or a tbrivMive fher^eof which comprises at leMt one rejDetlEivc xmit of getseral formula (1); wlieresri R 
HEglSt, or alcairolfc group of the. Qlipha^<J, arDmattc, ar>'laHphsitlc, cyc^oaiipliatte, heierocyclJe ^nes, OH, O-, aicoliolio group of hysiuronk: 
acid, ammo group of deacy!aJ«<i hyaluro<sfc ackl; En ^^2. H4 H, SO^-, ^yi grotip derived from 2 carboxylfe ?idd of &e dliphatic, 
ammatic, arylalipl3atic, cyclo^liphatJC, ti«55&rocyclic series, -CO- (CH2)2--COOY; Y i^egative diSffge, or H; H5 « -CO-CJ fe. H. SCV, acy3 
group deitved from a carboxyilc mid of ih& alipliatte> atomatio> aryialiphmiic, cydoaltphstic^ heterocyclle s©dcx^> Boyiic group of hyaktonic 
acid; Rg ^ H ot a ali|»hai:tc, araenatic, arylalipbatic, eycloaliiiimttc or tietcsRxryclic ^up, sinbsdtuterf or ynsi^stittoted; R7 is H or an 
aliphatic:, aromatic, swyialiphattc* eyctmliphat(C, or h&teixjcydk gtcoi^, sabstimied or UKsubstltuted; whcrem at \emt one of K or R3 fonns 
mi stmid^ group. 
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AMIDES OF HYALOKOKIC AOD ANI> THE DERIVATIVE IBEREOF AND A PROCESS FOE THEiR PEEPARAHOH 



10 SUBJECT OF THE INVENTION 

The present invention is directed to amides of hyaluronic acid and 
derivatives thereof for the preparation of pharmaceutical formulations^ of 
biomatcrials and for the coating of biomcdicaj objects and the process for 
their preparation. 

IS FIELD OF THE mVEKTiON 

Hyaluronic acid is a heteropolsrsaccharidc composed of alternate residues 
of D-gliaciironic acid and N-acetyi-D-glj^cosamiiie. It is a straight-chained 
polymer the molecular weight of which ^-aiics between S0,000 and 
13,000,000 Da depending on the source from which it was obtained and 

2ii the methods used to obtain it. It is present in nature in pericclliilar gels, 
in the fundamental stJibstance of the connective tisstie of vertebrate 
organisms of which it represents one of the main componetitSj in the 
synovial fluid of the joints, in the vitreous hximor, in the human umbaicai 
cond tissues and in rooster comfas. 

25 In recent years^ numerous types of hs^uronic acid derivatives have been 
synthesised to obtain compounds with pharmacolo^cal properties, or 
compounds that can be processed in various forms of biodegradable and 
biocompatible biomateriais for use in various tields of medicine, siirgcry 
and tissue engineering. 

?n Among the amide derivatives reported in the state of tlie art are known 
water-insoiublc compositions constituted by mixtures dcrivirig from the 
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reaction betweeri the carboxyi of hyaltironic acid, a nucleophil, such as an 
ammic.compoimd, and an activatmg agent (US 5,760,200; US 4,937,270), 
Such mixtures arc mainly used m the prevention of post-surgical 

5 U.S. patent No. 5,733,891 describes pharmaceuticaj compositions 
containing amide derivatives of hyaluronic acid obtained by reaction of its 
carboxyis with basic ana-tumour agents. The purpose of these 
compounds is to focus the action of the actiw principle on the diseased 
tissues and to limit any harmful effects on l±ie healthy tissues. 

IQ Moreover, there are known amides of glyccsaminojglycans, such as 
hyaluronic acid, with pholosensitiyc compounds bound by poiyfunetional 
compounds that act as bndgcs in the formation of anude bonds (US 
5,462,976}- 

Lastly, there is a known process for the prepara.tion of insohible amides 
IS by the reaction of active esters of hyalxironic acid with amines. (WO 
95/24429). 

The aim of the present invention is to provide isolated and chaxacterised 
amides of hyaluronic acid or derivatives thereof, obtained by reacting the 
carboxy groups or amino groupa originating from deacctylation reactions, 
20 with amines and acids of the aliphatic, aromatic, aryialiphatic, 
cycloaliphatic, heterocyclic scries respectively* and without the use of 
spacer chains. 

Said compounds can be either water soluble or insoluble, according to the 
acid, the axmne, the percentage of amide bond or tihe derivative of 
as hyaluronic acid used to prepare the amide. 

Therefore^ the products according to the present invention are suitable for 
a large number of applications acconiing to their solubility in water> tiicir 
vjscosit3f^ and the stab0ity of the amide bond. 

Indeed, said compounds can be used to prepaid both phaxmaccutical 
30 compositions and biomateriais. Moreowr, they have the advantage of 
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being able to be formed by reaction, not only with ammes, but also with 
pharmacolog^caiiy active acids^ 

DETAILED DESCRIPTION OF THE INVENTrON 
The present in^/^ntmn is directed to aroides of hyaliironic acid and 
derivatives tkereof for the preparatioja of pharmaceutical formulations, 
biomateriais and for the coating of biomedical objects and the process for 
their preparation* 

The amides according to the present invention can be represented by the 
following general formula that nspresents the repetitive unit ^ of the 
polymer; 



15 



20 



25 




wherein: 



Ru Rs, R4 * 



COR 



NR6R7, or alcoholic ^aup of the aixphatic, 
aromatic , ax5-iajii pha tic , cycl o aliphatic , 

heterocyclic scries, OH^ O-^ alcoholic group of 
hyaluronic acid, amino group of deacylated 
hyaiuronic acid; 

li, ac^^I group derived from a carboyxyHc 

acid of the aliphatiG, aromatic, aryiaiiphatiCj 
cycioaliphatic^ heterocycKc series, -CO- (CHa)^* 
CODY; y - negative charge, or H; 
-CO-CHa, H, acyl group derived from a 

carboxyiic acid of , die aliphatic, aromatic* 
ai3ia2iphatic, cycloaiiphatic* heterocychc series. 
acySic group of hyaluronic acid; 
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IS H or a aliphatic, aromatic, aiyialtphatic, 
cycloaiiphatic, or heterocyclic group, substituted 
or misubstitutad; 

=^ is H or a aiiphatic, aromatic^ arylaliphatic, 

cycloaliphalic, or hetcrocycKc grotip, substituted 
or tinsubstituted; 
wherein at least one of R or Rs forms an amide group. 
These are therefore amides obtained fay reaction of an Hmine with a free 
carboxf I of hyaluromc acid or a derivative thi^cpf, or by reaction of an 
acid witii a deacyiatcd amino group of hyaluronjc acid or a derivative 
thereof 

Of the hyaluronic acid derivatives that can be used to prepare amides 
according to the present invention, the foiiowing are preferred: 

hyaluronic acid esters wherein a part or aJl of the c^bo>jy functions 
are e&terified. with alcohols of the aliphatic, aromatic, aiyiaHphatic> 
cycloaHphatic, heterocyclic series (EP 0216453 Bl|; 
autocross-Hnked esters of hyaluronic acid wherein a part or all of 
the carbox>* groupie are cstcrifed witi> tlie alcoholic fimctions of the 
same poiy saccharide chain or other chains {EP 0341745 Bl); 
the cross-linked cciinpouiids of hyalxxronic acid wherein a part or ail 
of the carboxy groups are esterificd with polyalcohols of the 
aliphatic^ aromatic, arylaiiphatic, cycioaliphatic* heterocyclic series, 
generating cross-linldng by means of spacer chains |EP 0365116 
Bl); 

hemiesters of succinic acid or the heavy metal salts <rf the hcmiester 
of succinic acid with hyaliironic acid or with partial or total esters of 
hyaluronic acid (WO 96/357207J; 

the O-sulphatcd derivatives (WO 9S/2S7SI} or N-sulphatcd 
derivatives CPCT/EP98/01973K 
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Of the amides obtained reaction of an amine on the carfaoxyl of 
kyaJiironic acid or of a derivative thereof, of paiiicuiar interest are the 
water-soluble ones. 

By amide is meant a group of the formula -CON-. 
5 Aliphatic means acyclic or pcrtammg to open-chain or branched carbon 
eomponnds such as aikanes, aikenes or alkynea, Sscamples of an 
aHphatic moiety mci-udc but arc not limited to Ci-Csq noncyclic 
hydrocarbons and their isomers such methyl, ethj^l, propyl, isopropyl, 
n-bulyl, tert-bulyl, isobutyi, pentyl, isopenfyi, neopentj^L tert-pentyl, 2- 

io mcthyibutyi, 1 ,2-dirnrthyiprop>'l, hex>a, isohe:sjyJ, 2-mcthyipentyl, 2- 
methylpentyi, 3-methylpantyf, i J-dimethyibutyl, i,2-dimethylbutyi, 2,2- 
dimethlbutyl, l^-^dimcmylbutyi, a.S-dimethjrlbut^^ 3,3-dimethylbutyl, 1- 
ethylbot>-|, 2-cthylbutyU lj,2"trimethylprapyi, i,2,2-trimethylpropyi 
hept^n, octyl, nonyl, decyl, utidecyi, dodecyl, fxidecyl, tetmd^scyl, 

15 pcntadecyl, be^mdecyi, cetyl, heptadecyi, octadeqyi, nonadecyl, stearyl, 
etc. 

Aromatic meajis an aryi moiety having one or more ijnsaturated rings, 
each ring usually having S to S niembers and preferably 5 to 6 members. 
Ejcamples of the aromatic moieiy include but are not limited to benzyl, 
toluyl, napthalyl, anthraceny!, phenanthiyl, fluorenyli ooronenyl^ 
triphcnylcnyl, fluor^thenyl, bensEofluoranthenyi, faensxjpyrenyl. and 
pyrenyi. 

CycloaKphatic pertains to a carbon ring structure, usually having 3 to 8 ' 
members and preferably 5 to 6 members, that doea not contain a 

2^ rei&onance structure, EScamples of cycIoaHphatic groups include but are 
not limited to cycloalkanes and cyciooleCns such as oyclopropyl, 
clyclobutyl, cyclopcntyl, cyclohex>'l cyc!ohcpt>i, c>^looct>i, cj'ciohexenyl 
{tctrahydroben35cnyl|, cycloheKyMdcnyl, and cyclooctadicnyl. 
The heterocyclic series pertains to disimiler atoms in a ring, A 

30 heterocyclic group is a heteroaryl group usually having a 3- to 8* 

membered, preferably 5- to 6-rncmbered ring or fused ring containing at 
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least one hetero atom |such as O, etc.] and mclnde but axe not 
Kmited to thicnyi, furaiiyl, pyranyl, 2H-pyrrolyl, pyrrolyl imidaj^iyi, 
pyra^iyi, pyridyl, pyia^^myi, pyrimidyi, pyridaanyi isothiH^olyl, 
isDxa^olyl, iui^anyl, bcrusothieiDiyi, iBohettrnfaranyl^ t^romenyl, 
S mdoiindinyl, isoindolyi, indolyl, pimnyi> qumoEdmyl, isoqmaoiyl, 
quinolyi, phthalaainyl, quinaroiyi, carba2Qlyl> aciidmyl., and 
phensui thridinyi. 

An aryialkyl group is a group ha\?iiig both aromatic and aEphatic 
stibstituents as defined above. Examples of aiylalligrl groups include but 
J (J are not timiled to cthyibenzenyi isobutylbenzeneyl, bcnayl, cthylbensrjrl, 
profyibeii:5>'U isopropylbcmyl, butylbensyl, isobutylben^yl, 
cyclohejQflbenzyL styrenyJ^ and biphenyl. 

An acyl group is an organic radical derived from orgamc acid by the 
removal of a hydrojsgr group* Examples of acyi groups include hxxt are rxot 
15 limited to formyl, acetsri, proprioaayl, butyiryl, valcrylj, isovaieryl, pivaloyl ; 
aroyi such as ben^^enesufoixyl, benzoyl, toluoyi, and xiaptiioj*!; diac^^l 
groups such oxalyl and succinic anhydride; and heteroaroyis such a$ 
furoyi, nicotnoyi, tsonicotinoyi, etc. 

Such amides can be used to advantage for the preparation of 
20 pharmaceutical compositions, for example in the form of gels, for the 
transport and release of drugs or biologically active substances for use in 
viscoetastic surgery or in ophthalmic surgery. 

The amides according to the present invention can be saiified with the 
heavy metals on the free or sulphuric carboxy groups, meaning by heavy 

25 metaij^ the elements of the 4***, 5*^ and 6^ periods of the periodical table 
such as silver^ iron, cobalt* copper, zmc, arsenic, strontiutn, rirconiimi, 
antimony, gold, cesium, tungsten, tsclcnium^ platinum^ ruthenium* 
bismuth* tin,, titanixtm and mercury. Said salts can be used in 
dermatology, in ophthalmology » in dentistry, stomatology, rheumatology. 

3ti urology, gynaecology, internal surgery, as food supplements, anti- 
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oxidating, axiti-rheumalic, aati-mmoxiral, anli-mflammatory, anal^sic 
and anti-uicer agents. 

Moreover, the axnide dari^^atives can be obtamed by reaction of carbo3?yi or 
deacylated nitrogen of hyaluronic acid or a derivative thereof with an 
5 amine or ^mth a phaxmacologically active acid respectively, or they may be 
saiified or simpiy associated with said compoxmds. 

Of the pharamcologicaily active substances, the following arc preferred: 
antibiotics, anti-mfectivc, antimicrobial^ antiviral^ c5?tostatic, cytotoxic, 
anti-tutmorai, and-infiammatory and wound healing agents, anaesthetics, 
w axialgcsics. vasoconstrictors, choKnergic or adrenergic agonists and 
antagonists, an ti -thrombotic, anti-coagulant, haemostatic, fibrinolytic and 
throniboiydc agents, proteins and their fragments, peptides and 
polynuc leo tides . 

Hereafter wc report some samples of pharmacologically active 

tS mbstances belonging to the aforesaid classes of drugs: 

ant ibiotics: amino glucosides> macrolides, tetracj'cHne, peptides 
such as gcntamicin, neomycin, streptomj^cin, dihydrostreptomycin^ 
kanamycin, amikacin, tobramycin, spectinomycin. erythromycin, 
oleandomycin, caxbomycinv spiramycin, oxyietracycline^ 

20 roHtetracycHne, bacitracin, polymyxin B, gratnicidin, coH^tin, 

chloramphenicol, iincomycin, vancomycin* novobiocin* ristocetin, 
clindamycin, amphotericin B, griscofalvin, nostatin wad their salts; 
anti-infective agents: diethylcarbaxnasine, mebendazole, siilfaaraides^ 
such Bs sulfacetamide^ sulfadiazine, suliisojiazole; 

25 - j^.t j^tj-virals and ,,, anti-tumoraa^r? : iodojcuridine, adenine, adcnmc 
arabinoside, trifluorothymidine, acyclovir. cthyldeoxyuridine, 
bromovinyldeosc^ridine, 5-iodo-5 -amino-2 VS *dtdeo5^aindine; 
St; ?:roM ^ti4nfiammatory ^p^ ^ents : dexameihasone, hydrocortisone, 
prednisolone, fluorometholonc, medrisone and their esters; 

30 - non- steroid antj-infiamt^a^tory agent s: indomethacin, 

oxyphenbutazone, Ouorbiprofene, dichlofenac. ibuprofen; 
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a 

^Qjgig^gtic§- beno5dna.te, proparacame, dibucaine, IMocaine, 
bemiocaine, faenagrdamine, bupivacaine and their salts; 
choiinemic ai^iamgfcs : piiocarpine, methachoiine, carbamyicholine, 
aceclidine, phy^^^tigmine, neostigrmne, demecarium atid their 
5 salts; 

cholincrgjc a ntagonists: BXropin^ and its salts: 

adrenergic a^^onists : noradxenaJin. adrenaim, naphasoiine, 
mcthaxamine and their salts; 

adrener€;ic antagonists : propanol timolol, pindolol, bupraaoXol, 
I ft athenoloJ, mcthoproloi, oxprenolol, practolol, butoxamine, sotalol, 

butadiinc^ iabctalo! and their salts; 

antibact eriais ^jsmfcctants : nitrofura;sonc, mafenidc, 

chlorhcxidme, the derivatives of S-bydrossyquinoimc and their salts; 
cytotoxics : fiuorotaracil, methotrexate^ podophyEia. 
IS Of partictalar interest are the forms for the transport and release of the 
above said s^ubstances and of biologic^y active substances such as 
proteins and their fragments, peptides, polyntickotides, growjii factory, 
cxmfmes, vaccines, substances used in the treatment of diseases 
associated with genetic defects such as those depending on cnsymatic 
20 hypo- or hyper-activity due to defects of the gene encoding for a given 
enzyme, deforming diseases and hereditary diseases. 

The amide derivatives according to the present invention, in association 
With radioactive and nan-radioactit?'e substances, used in contrast 
systems, can be used as markers in m mvo diagnostics, for the 

2S identification and treatment of tumour tissues or damaged tissues. 

One considerable advantage is represented by the possibility of processing 
the amide compounds and their salts in different forms of biomaterials 
such as sponges, JEilms, membranes, threads, tampons, nonwoven fafonc, 
microspheres, ' nanospheres, gauiKes, gels and guide channels. Said 

JO biomaterials, used in one or more associated forms, may be constituted 
by one or more amide derivatives and their salts, optionally in association 
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with other uaturai, synthetie or semisyntiietic poiymers, and optionally, 
with biolopcaliy active stubstances. 

Some examples of natoral polymers that can be us^d arc collagen, 
coprecipitate^ of coHagcii and glycosaminoglycanSj ccHiilose, 
5 polysaccharides in the form of gels such as chitin, diitosan, pectin or 
pectic acid, agar, agarose, xajathane, gellan, alginic mjcid or the al^ates, 
polymaxmans or poiy^ycans, starch and natural gums. 
Semisynthetic polymers, for example, can be chosen from the group 
consisting of collagen cross-linked with agents such as aldehydes or 
10 precursors of the same, dicarbosgrtic acids or their halogenides, diamines, 
derivatives of cellulose, hyalummc acid, chitin or chitosan, geJIan, 
xajitliai^e. pectm or pccUc acid, poiyglycans, polymannan. agaur, agarose, 
natural gtim or glycosaminoglycans. 

Lastly, examples of sj^ntbetic polymers that can be used are polyiactic 
IS acid, polyglycolic acid or copolymers of th^ BBm& or their derivatives, 
poiydioxanes, polyphosphas^encs, polysolphonic resin, polyxirctiianes, 
PTFB. 

The above said biomateriala can be used to advantage in various fields of 
surgery, such as in internal axxd o^tteo-articular surgery, neuro* surgery, 
io anastomotic, viscoela^tic, ophthalraic, oncological, plastic and aesthetic, 
otorhinoiaryngoiogical, abdominal and pelvic, urogynaecoiogical, 
cardiovascular surgery, in the prevention of post-surgical adhesions and 
hypertrophic scarring. 

Moreover, the amide compounds in association with fibrin, and optionaMy 
25 other biologically active sxibstances, can be used for the preparation of 
surgical glues. 

The biamatcri^s according to the present invention can be used not only 
in the field of surgery but also in hacmodyalisis^ cardiology, dermatoiogs?, 
ophthalrnoiogy, otorhrnolaryngology, dentistry, orthopaedics, gynaecology, 
30 urology, in extra-corporeal blood circulation and oj^genaliOia, in 
cosmetics and in angiolo^. 



WO00/0J733 FCT/IBW/Q1254 

10 

Said biomaterials, in their varioxis foims, can be used to advantage as 
scaffoMs on which to grow cells mxdh as mesenchymai ceMs or mature 
cells to obtain connective, glatidular and nerve Uss-ae. 

These biopolymers can also be used m the processes of coating objects 
5 used both sn the medical field and in industrial sectors, ^vjng new 
biological characteristics to the smfaces of the material used as a 
support. 

Examples of the objects that can be coateai arc: catheters, guide channels, 
probes, cardiac valves, soft tissue prostheses, pnostheses of animal origin 

10 such as cardiac valves from pigs, artificial tendons, bone and 
cardiovascular prostheses, contact lenses, blood ojcfgenators, artificial 
kidneys, hearts, pancrca©. and livers, biood bags, syringes, surgical 
instruments, filtration sjrstems, laboratory instruments, containers for 
cultures and for the regeneration of cells and tissues, supports for 

iS peptides, proteins and antibodies. 

The process of coating the suaface of such objects can be performed, for 
cxajxiple by the Plasma Coating technique, described in tiie mternational 
patent appiication by the Applicant, publication No, W096/24392. 
The process for the prcpanation of amides on the nitrogen of hyaluronic 

20 acid or one of its deacctylated derivatives can be summarised as the 
foUowng steps: 

dcacc^Iation reaction, for example, by reaction with hydrazine 
siJdphatc (J. Riesenfeld, Auaiy. Bioch. 1990, vol. ISS, pp 383-3S9J; 
preparation of the quatcmaty ammonium salt of the deacetyalfced 
25 compound such as the tctrabutylammonium salt; 

preparation of the aosdating agent in the form of an active ester, for 
example, of paranitrophenylestcr of aliphatic, aromatic, 
arylaliphatic, cycloaiiphatic or hetcroc?yclic acid, chosen for the 
formation of the amide; 
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N-acylation reaction between the quaternary ammomum suit of 
hyaiuronic acid or of one of m deacetyiated derivatives and the 
acylating agent. 

The compoxmd is analytically chaxacterised by thie foliowjng methods: 
anMlysis of the percentage ofjm^ amino grmips: 
the method described by J. JRieseMeM (Anaiy. Bioch. 1990, voL 188; 
pp 3S3-389); 
mean molecular tueight: 

this is determined by GPC tismg a set of Shadex B-a03 and B-SOS 
columns, and Rf and MALLS equipment: 
/i? and UV speatroscqpy analysis: 
TLC analysis. 

The sample is hydroiyaed in a ImoL solution of sodium hydroxide 
for 2-4 hours at 70*C and then acidified wttli a i moL solution of 
hydrochioxic acid. The acid that is released d^lrixig hydrolysis is 
extra.ctad with organic solvent. The diy organic extract is analysed 
by HPLC. 

% of N-aai/lati0n (hydroty sis of the amide) 

two types of analysis arc perforiocd to measure the pcrcentate of N- 
acylated groups: 

a} the method described by J, Ricsenfcld (Analy. Bioch. 1990, 

voL 1E8, pp 383-389}; 
b} the sampk is hydn>iysed in a 1 moL solution of sodiom. 
hydroxide for 2-4 hours at 70*C and fiien acidified with a 1 
moL solution of hydrochioric acid. The acid that is released 
during hydrolysis is extracted with organic solvent. The dry 
organic extract is analysed by HPLC. 
preparation of the amides on the carboscyl of hyai\ironic acid or a 
derivative thereof consists in activating the carboxy groups by reaction of 
the same, in acid form or in the form of quaTcmary ammonium salt, with 
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an agent such as carbonyldlimida^jole, which converts carbo^Qiriic acdd m 
the reactixfe form of an acylating agent. 

Said reaction can be perfonxied by catalysis with hydrochloric acid or acid 
resin and with an amme of the aliphatic, aromatic^ aiylaliphatiCj 
5 cycloaliphatic and heterocgrclic series, 

Char;^cterisation of the compounds includes the Mlowiiig mefeods: 
IR and W spBctrascopy: 
Chromatographic analysis^ 

The sample is hydrolysed in a 1 mot solution of sodium hydroxide 
10 for 2-4 hotirs at 70*C and the amine that is released during 

hydrolysis ise xtracted with organic solvent. The dxy organic extract 
is analysed by HPIXX 
The percentage of amidation of the product is generaily in the range of 
about 1% to about 90%^ more preferably in tlie range of about 5% to 
IS about 60%^ and most pre:fembiy in the range of about 20% to about 50%. 

FrepamtiefiL partially N-deacetylated hyalnromc acid in the form of 
aodium salt (DHA/H&) 

One gram of sodium hyaluronate, with a mean molecular weight of 600 
20 Kda, is soiubiiised in 50 ml of a 1% solution of faydra:zine sulphate in 
hydra^nc monohydrate. 

This is left to react under agitation for lh?e days (120 hours) at SS'^C, after 

which the reaction is stopped by adding 100 osl of ethanol* 

The precipitate thus foimcd is filtered through a Gooch crucible, washed 

IS with ethanoi and then dried at room temperature at reduced pressure. 

Any hydrasdde of hyaluronic acid that will probably be formed during the 
reaction with hydrazinolysis is destroyed by reaction with HIO3 (iodic 
acid). As the reaction may be very idgorous, it is conducted while cooling 
the reaction contgdner in iced water. 

$0 The product of bydm^cinoiyma soli^bili^^d in SO ml of b< ^ohxtiaxi of S% 

sodium acetate and reacted with 25 ml of a 0.5 M solution of iodic acid. 
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The reaction proceeds for 30 mitiiites under agitation, after which S ml of 
a 57% soiution of HI is added to destroy any u.nreacted HIO3 . 
The iodbbie tibat has formed is eKtracted from the aqueous solxation with at 
least tiiree 30-mi aliquots of ethyl ether (until complete decoiouring of the 

s aqueous phase|. The aqueous solution m brou^t to neutral pH by addiag 
a solution of NaOH 0,SM followed by treatment with 100 ml of ethanoL 
The precipitate obtained is filtered with a Gooch crucible, washed with 
ethanol and then dried at room temperature and at reduced pressxxrc. 
The product obtained is characterised analytically to determine the 

10 percentage of N-^dcacetsrlated groups and the mean molecular weight. 
Yield of the reaction 90% 
% of N-deacetylation 26% 
mean moiecular weight 130 Kda 

IS ?^epa.mtiox3i of ttie salt of hyalijuroxiic acid partially N^deacetylated 
with tetrabutyiammomum (DHA/TBA). 

One . gram {2-5 xnmoL) of hyaluromc acid sodium salt» partiaJly 
deacetylated, is solutolised in 60 ml of water and the solution is 
percolated through a column fiHed with 25 ml of a sxilphomc resixi in the 
20 form of tctrabutylammonium salt PBA). The sulphonic resin in form is 
activated with a 40% solution w/v of TBAOH- 

The eiuate, containing N-deacetyiated hyaitironic acid TBA salt is 
collected and frceze^dried. 
Eseample 3 

25 Prepamtioa of p-HOa-phenylesteir of besusoie acM lacylating agetttj 

Ten grams (0*082 moL) of benaoic acid ia salubilised in SQO ml of 

after which 1 1-4 g {0.082 mol.} of p-N02-pheno! and 16-9 g (0-082 mol| of 
DCC (Dicyclohexyicarbodiimidel are added. The reaction proceeds for 2 
hours, while the solution is boiled and refluxed* 
30 Siabsequeintiy* t^c die^-cJoKexylurea. tHa.t forxxx^ is filtered ajcwi tK^ filtered 
product is dried with a rotavapor under reduced pressure. The product 
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thu© obtained is purified by repeated ctystaMsation hi etitiyl acetate. The 
crystals are filtered and placed to dry at room temperature at reduced 

The derivative is characterised by TLC analysis (eluent: CH2Ci2/ ethyl 
5 acetate 90/ 10 and a^d by IR and UV spectroscopy. 

Yield of fee reaction 92% 
3Ss:ample 4 

Preparatioisi of p*KO:&*piienyIester of cianamic aeid (acylatiag agent} 

Twelve gmms p.0S2 moL) of cixmamic add is solubiEsed in 800 ml of 
10 CH2C22, after whicK 11.4 g {0,0S2 mot) of p-NOa-pheno! and 16.9 g 
(O.0S2 mol) of DCC (Dic^-oiohexylcarbodiimide) axe added* The reaction 
proceeds for 2 hoiixs during wMch time the solution is boiled and 
reflxixed* 

Subsequently, the dicycldhejgyiure^ is filtered and the filtered product is 
15 dried using a rotavapor at reduced presswe. The prodtict obtained is 
pxirified by repeated ctystallisatiozi iB cthanol, the cxystals are filtered and 
left to dry at room temperature and reduced pressure- 

The derivative is characterised by TLC analysis {eluent: CHaCla/ethyi 
acetate 90/ 10 and Rf=«0.77) and by IR and UV spectroscopy. 
20 Yield of the reaction 89% 

Preparation of p^NOa^phenylester of dodecanoic acid {acylating agent} 

Sixteen ip*ams of dodecanoic acid is tsolubiii^ed in 1 litre of CH2CI2, after 
which 11*4 g {O.OS2 mol.) of p-NOs-phenol and 16.9 g (0.082 moL) of DCC 
25 (Dicyclohexyicarbodiimide) are added* The reaction proceeds for 2 hours 
during which time the solution is boiled and refltixed* 

Subsequently^ the dicyclohexylurea is filtered and the filtered product is 
dried using a rotavapor at reduced pressure. The product obtained is 
purified by repeated crystallisation in ethyl acetate, the crystals are 
so filtered and left to dry «it room temperature $cfid at re«iuced pressure. 
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The darimtive is characterised hy TIC analysis (eluent: CHigCb/etiiyi 
acetate 90/ 10 and Rf ^ 0.77) and by IR spectroscopy. 
Yield of the reaction 93% 
Examtiiie 6 

5 Pireparation of p-NO^-plieiiylester of stearic acM |acylatit3^ agexiti 

23.3 grams of stearic acid is solubiHsed ixi 1 litm of CH^Cia, after which 

11.4 g (O.0S2 moL] of p-NOs-phenol and 16.9 g fO.082 moL) of DCC 
(DicyclohexyicarbodiiniideJ ai'c added. The reaotiDn proceeds for 2 hoiirs 
during which time the solution is boiled and reflu:^ed. 

10 Subsequently the dicyclohesrjr'lurea is fiitered and the filtered product is 
dried using a rotavapor at reduced pressure. The product obtained is 
purified by repeated crystalHsation in absolute etiianol, the crystals are 
filtered and left to dry at room temperature at reduced pressure. 
The derivative is characterised hy TLC analysis (eluent: CH^CJa/ethyl 

15 acetate 90/10 and Rf 0.82) and by IR spectroscopy. 
Yield of the reaction 87% 

Preparatloxit of p-HOa*pheiiylestejr of o-acetyl salicylic acid (acylating 

20 14,7 g of acelylsalicylic actd is solubilised ixi 1 litre of CHgClg, after which 
11,4 g (0,082 moL| of p-N02-phenol and 16.9 g {0,082 mol.J of DCC 
{Dicyclohexyicarbodmnide} arc added- The reacdon proceeds for 2 hours 
during which time the solution is boiled ajcid refitixed. 

Subsequently, the dicyclohexylurea that forms is jBltered Bjad the filtered 
25 product is dried using a rotavapor at reduced pressure. The product 
obtained is purified by repeated crystallisation in absolute ethanoi, the 
crystels are filtered and left to dry at room temperatxire at reduced 
pressure. 

The derivative is characterised by TLC analysis ^eluent: CH2Cl2/ethyi 

JO aLcetatt? 90/10 and Rf**0*S2) and by ISl spectroQcopy. 
Yicid of the reaction 80% 
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Pir«|i9xatiozL of i>artially N-aeylated hyaluroaie acid {with tAie Bexs^olc 

acidl dcrl'cative) 

One gram (X.6 mmoL) of DHA/TBA (26% deacetyiatton) is solul?iiised in 
5 SO ml of DMSO, after which 5 ml of a 10% solution of p-HOa-phenyiester 
of beii2»ic add (prepai«d according to exaxnplc 3J in DMSO i& added. The 
reactioix proceeds for 24 hoiirs, imder agitation at room temperature, 
after which it is blocked fay adding 2,5 ml of a saturated solution of NaCL 
This is left to react for 30 minutes and then 100 mi of ethanol is slowly 
10 added. The precipitate thus obtained is filtered through a Gooch» washed 
with ethanol and ethyl ether and iasdy dried at room temperature and at 
reduced pressure- 

The derivative is analysed by TLC {after hydrolysis of tiie amide), 
colorimctric analysis of the percentage of free NH2 groups and IR and UV 
15 spectroscopy. 

Yield of the reaction SS% 
%freeNH2 11% 
% N-acylation 15% 
l^«ample 9 

30 Preparation of partially H-acylated hyaluronic acid (with tlie 
derhrative of cinnamic acid) 

One gram (1.6 mmoL) of DHA/TBA (26% deacteyiation) is solubilised in 
SOmi of NMP. after which 10 mi of a 10% solution of p-NOa-phenylester of 
cinnamic acid (prepared according to example 4| in NMP is added. The 

25 reaction proceeds for 24 hours, under agitation, at room temperature, 
after which it is blocked by adding 2.5 ml of a solution saturated with 
NaCl. This is left to react for 30 minntes and lastly 100 ml of ethanol is 
slowly added. The precipitate thus obtained is filtered throu^ a Gooch 
crucible, washed with etbanol/ water 9:1, ethyl ether and lastly dried at 

30 room tocxnp^r&XxiTc. at rc<lw<5©<i pressure , 



eNSOOCiDi-eWOL 



wo 00/0i733 



17 



PCT/ie99/01254 



The derivative is analysed by TLC (after hydrolysis of the amide), 

CDlorimetxic axialysis of the percentage of free NHa groups and IR and UV 
spectroscopic analysis- 



Yield of the reaction S5% 
5 %freeNHa li% 

Bscample lO 



Prcpamtioix of partially K-acylated ixyalutoiiic acid (with a derivative 
of dodecanoic acid) 

10 One gram {1.6 mmol.) of DHA/TBA |26% deacetylation) is solubilised in 
50 ml of NMP, after which 3,2 mi of a 10% solution of p-JMOa-phexiyie^ter 
of dodccanoic acid (prepared according to e:^ample 5} in NMP is added. 
The reaction proceeds for 24 hours, iindcr agitation* at room temperature, 
after which it is blocked by adding 2,5 ml of a saturated solution of NaCL 

15 This is left to react for 30 miniates, after which 100 nil of ethanol is gentlj'' 
added. The precipitate obtained is filtered through a Gooch washed with 
ethanoi and ethyl ether and lastly dried at room temperature at redticed 
pressure* 

The deriva.tive m analysed by TLC (after hydrolysis of the amide|, 
20 colorimetric analysis of the percentage of free HHa groups and IR and UV 
spectroscopy* 

Yield of the reaction 8S% 
% freeNHa 10% 
% N-acylation 16% 

Preparatiaa of partially N--acyIated hyalixronic acdd (with the 
derivatip^e of ateatlc acid| 

One gram {1.6 mmol) of DHA/TBA (26% deacetylaaon) is solubilised in SO 
ml of NMP, after which 6 ml of a 10% soiution of p^NO^-phenylester of 
jO ateai'iC a.cid (prepared according to eKample 6} ixx NMP is ^dd,ed.. The 
reaction proceeds for 24 hours xmder agitation at room tssmperature after 
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Which it is blocked by adding 2.S ml of a saturated soli^tion of NaCL This 
is left to react for 30 miniites and then 100 ml of ethano! is slowly added. 
The precipitate thtis obtained is filtered throu^ a Gooch fiitcr, washed 
^4th etiaanol asud ethyl ether and lastly left to dry at room temperature 
s and reduced pressiire. 

The denvative is analysed by TLC {Mter hydrolysis of the amide), 
colorimetrxc analysis of the percentage of free NH2 groups and IR airid UV 
spectroscopy. 

Yield of the reaction S5% 
m % free NH2 i2% 

% N-acylation 14% 

IR spectroscopy (Figiare 1): the figure shows the difference between the IR 
spectrom of the amide and that of hyaluronic acid sodium salt. In the 
spectrum of the axxidde^ there is an evident peak in the area of 2900 
15 due to the stretching of the CU^ of the stearate . 

Preparation of paiitlall:^^ lf-a€^latedl hyaiuromc acid {witb acetyl 
salicylic acid dcrivatiirej 

One gram (1,6 mmoL) of DHA/TBA is soliibiHsed in SO ml of NMP, after 
20 which 3.2 ml of a 10% solution of p-NOa-phenylester of acetyl salicylic 
acid (prepared according to example 7) in NMP is added. The reaction 
proceeds for 24 hotxrs imder agitation at room temperattire^ after which it 
is blocked by adding 2*5 nil of a satiarated solution of NaCL This is left to 
react for 30 mintites and lastly 100 ml of cthanol is slowly added. The 
25 precipitate thus obtained is filtered througjb a Gooch crucible, washed 
with ethanol and ethyl ether and then dried at room temperature and 
reduced pressure. 

The derivative is anaiy^sed by TLC {after hydrolysis of the amide}, 
colorimetric analysis of the percentage of free NH2 groups and IR and UV 

Yield of the reaction 90% 
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%fTeeNH2 ^ 10% 
% N-ac54ation 16% 
Example 13 

Vr^pdLmtmm of benaylamide of feyaluroaic acid 

s Two grains {3*2 xxxmoL) of tetmbi^tj^Iajtmionmm salt of hyaiuromc acid 
{HA/TBA) is soiubilised in 100 ml of DMSO, This solution is 
supplemented with 3 ml of humid add resin in DMSO and 784 mg (4*8 
mmoL] of l.l-'carboriyldiimidazole. This is left to react under agitation for 
12 hoxxrs^ after which it if ffltered through a Gooch crucible to ehminate 

JO the resin and the filtered product is supplemented \mth 1 ml (9.6 mmoI| of 
ben^^iamme. This is left to react for 48 hours and then 5 ml of a 
saturated solution of NaCl is added and it is left under agitation for 30 
minutes, it is supplemented witia 200 ml of acetone and the precipitate 
thus obtained is filtered and dried at reduced pressure, 

15 The dry deri'^ative is charaeterised by TLC, IR and HPLC anafysis. 
% of aroidation 25% 

IR spectroscopy (Figures 2 and 3|: the spectrum in figure 2 ciear fy shows 
a peak at 1537 cm-1 due to bending in the NH plane (the amide band] 
and a peak at about 730 cm-1 due to bending of the CH outside the plana 
20 of the aromatic rix^^ Figure 3 shows the diSerence between the graph 
relative to the amide and that of the sodium salt of hyaltiromc acid. 

Preparation^ of benzylamidki of iiyaluronie a.eid 

Two grams (3.2 mmoi.) of tetrabutylarmnonium «edt of hyaluronic acid 
25 (HA/TBA) is solubiEsed in 100 ml of DMSO. The solution is adjusted to 
pH 3 with HCl IM and then 784 mg (4.8 xnmal) of 1.1- 
carbon5'^Idiimida2;oie is added. This is left to react under agitation for 12 
hours, then it is iSltered through a Qooch crucible to eliminate the resin 
and 1 mi (9.6 xnmoL) of bensylamine is added to the filtered product. This 
30 IS left £o react for 48 hours, tHen S xni of aattJira^ted solution of MaCl i& 
added and left under agitation for 30 minutes. To this is added 200 ml of 
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acetone, the precipitate thus obtained is filtered and dried xmder reduced 

The dry derimtive is characterised by TLC* IK and HPLC analysiB. 
% amidatio^i 15% 

Preparatiom of bensylamlde of hyaluronic aoM 

Two grams (5*2 mmol.) of hyaluronic acid in acid form is solubilised in 
100 mi of DMF. To thiss solution is added 854 mg (5.2 mmoi) of 1,1- 
carbonyidiixQida25ole. This is left to react xmdcr agitation for 6 hours, after 
10 which 1*13 ml (10.4 rmnoLj of ben^ylaminc is added. The reaction 

proceeds for 4S hours, and is then blocked by addiiig 200 ml of acetone. 
The precipitate thtxs obtaix^ed is filtered and dried tinder reduced 
pressure. 

The dry derivative is characteiised by TLC, TR and HPLC analysis. 
IS % amidation 60% 
Example 16 

Prepamticxi of bexusj^lamlde of hf^aii^rome acid 

Two grams (5*2 mmoL) of hyaluronic acid in acid form is soiubilised in 
100 nil of DMF. To this sotation is added 2 ml of pyridine, 3.68 g (0,026 

20 moh) of .p-NOa-phenol and pyridine chloride until a pH of 7/8 is reached> 
Lasdy, 5.3 {0.026 moL) of DCC and 2.S (0.026 mol.) of ben^:^'lamine are 
added. This is left to react under agitation for 16 hours after which the 
reactioii m blocked by adding 200 mi of acetone. The precipitate thus 
obtained is filtered and dried under reduced pressijre. 

25 The dty derivative is characterised by TLC^ IR and HPLC analysis. 
% amidation S% 
Example 1? 

Preparation of bengylamide of hyaluronic acid 

Two grams (3,2 mmoL) of HA/TBA is soIiabOised in 100 mi of DMSO. The 
30 saixxtian is m*^xaf?late^d witH gaeecnajB HCl nrxtil the rea^ction mmture 
reaches a pH of between 4.5 and 5. Subsequently^ 518 mg (3.2 mxnoL) of 
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carbonyldiimidazole is ad<Jed* It iz left to react tinder aptation for one 

hour at room tamperatxire, after which 0.700 ml (6.4 mmoij of 
benz5damine is added. The reaction proceeds for 16-18 hoitr^. After this 
time, 5 ml of a s;oi\ation saturated with NaCl is added. It is precipitated by 
5 adding 200 ml ot mmtQue and the precipitate tJbxis obt^ned is filtered and 
dried under reduced pressure. 

The dry derivative is characterised by ThC (aJPter hydrolysis), XR mxd HPLC 
analysisi* 

% amidation 50% 
$0 Bxample IS 

Preparation of the oetylamide of kyalurojiic acid 

Two grams (3,2 mmoL| of HA/TBA is solubiiised in 100 nil of DMSO. The 
soiX3tion H irxsitiffiated with gaseous HCl till the reaction mixture reaches a 
pH of between 4.S and 5. Subsequently, 207 mg {1J2B mmol-) of 

15 carbonyldiimida^le is added. It is left to react under agitetion for one 
hour at room temperatures after which 0.417 ml (3 .2 mmoL) of octylamine 
is added. The reaction proceeds for 16*18 hotars. At the end of this time, 5 
ml of a solution saturated with NaCi is added. It is precipitated by adding 
200 ml of acetone and the precipitate obtained is fiitered and dried under 

20 redtiiced pressure. 

The diy derivative is characterised by TLC (after hydrolysis), IR and HPLC 
analysis. 

% araidation 25% 
Basmmpie 19 

25 Frepaxatiom of t&e dodeeyl amide of hyalturonlc acid^ 

Two grams (3,2 mxnoL) of HA/TBA i^ soiubilised in 100 mi of DMSO. The 
solution is insufflated with gaseous HCI till the reaction miKture reaches a 

pH of between 4.5 and S. Subsequently, 104 mg (0.64 mmot) of 
carbonyldiimidazoie is added. It is left to reacts xmder agitation, for one 

ji^ ixo'Ui^ jrociixi tcmpcratarc^ a,ftcr winich SOO mg (3*!2 xXimol>} of 

dodecylamine is added. The reaction proceeds for 16-18 hours. After this 
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time, S ml of a ©oiution satixr&ted with NaCl is added. It is precipita.ted by 
addhig 200 ml of acetone and tixe precipitate obtained is filtered and dried 
under red-uced pressure. 

The dry derivative is characterised by .TLC (after hydrolysis), IR and HPLC 
5 analysis. 

% amidation i5% 
Example 20 

Preparation of the lieKadecylasodde of liyaluroxdc acid: 

Two grams {3.2 ijomot) of HA/TBA is sohxbiiised in 100 ml of DMSO, The 
\o solution is insiifllated with gaseous HCI till the reaction mixture reaches a 
pH of between 4.5 and 5. Subsequently, 52 mg (0.32 mmoLI of 
carbonyidiimidasole is added and ieft to react under agitation for one hour 
at room temperature, after which 780 mg (3-2 mmol,) of hexadecylarmne 
is added- The reaction proceeds for 16- 18 hours. After this time . 5 mi of a 
15 solution saturated with NaCI is added. It is precipitated by adding 200 ml 
of acetone and the precipitate obtained is filtered and dried xmder reduced 
pressure. 

The dry derivative is characterised by TLC |aftcr hydrolysis), IR and HPLC 
analysis. 

20 %amidation 5% 

The invention being thus described, it is clear that these methods can be 
modified in various ways. Such modifications are not to be considered as 
divci^ences from the spirit and purpose of the invention and any 
25 modification that would appear evident to an expert in the field comes 
within the scope of the following claims: 
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1 CLAIMS 

2 1, An amide of hyaluronic acid or a derivative thereof which comprises 

3 at least one repetitive unit of the following gjaneral formula: 




9 wherein: 



10 R «^ NReR?, or alcoholic group of the aJiphatic, 

n aromatic, arylaiiphatic, cycioaliphatic, 

17 heterocyclic scries, OH» alcoholic group of 

15 ' hyaluronic acid, amino group of deacyiated 

U :c hyaiixronic acid; 

15 Ri, R2, Rs, « H, acyl group derived from a carboysylic 

16 . acid of the aEphatic, aromatic, atylaliphatic, 

17 cycloaliphatiCj heterocyclic series, -CO- CCHssJj?-- 
IB COOY; Y «^ negative chargje, or H; 

19 Rs . -CO-CH3, H, SO3' , acyi group derived from a 

20 carfaoacylic acid of the aliphatic, aromatic, 
2t aiylaHphatic, cycloaliphatic, heterocyclic , series, 
22 acyiie gmtip of hyaluronic acid; 

n Rfc is H or a aliphatic^ aromatic* aryialiphatic* 

24 csrcloaHphatic^ or heterocyclic group, substituted 

25 or unsubstituted; 

26 R? is H or a aliphatic, aromatic^ arylaliphatiCj 

21 cycloadiphatic, or hctarocycMc group, substituted 
7^ or unsub^titutcd; 



29 wherein at least one of R or Rs foixns an axnidc group. 
I 2. Amidic, water-soluble compounds obtained by reaction of the 
7 carboxylic groups of hyaluronic acid \vitli ajQ arnino group of the 
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3 aliphatic, aromatic, aiylaiiphatic, cj'T:loajlphati^, heterocyclic series 

4 for use in ophthaJmoiogy and in ophthalmic stirgery. 

5 3. Amidlc compounds according to claim 1, wherein the hyaluronic 

2 acid derivatives are total or pardal esters with aiiphatic, aromatic, 

3 ajyialiphatic, cj'^cIoaHphatic, heteroaliphatic alcohols. 

1 4. Aniidic compoi^nds according to claim I, wherein the hyaluronic 

2 acid dertvatiires are cross-linked compotmds wherein part or all of 

3 the carboKy groups of the D-glucuronic residue form inner or irtter- 

4 molecular esters with the alcoholic functions of the same 
^ polysaccharide chain or other chains respectively, 

1 5. Aiaidic compounds according to claim 1, wherein the hyaluronic 

7 acid derivatives are cross-lmked compounds wherein a part or all of 

5 the earboxy groups of the D-glucuronic residue are made to react 

4 with poiyalcohols of the aliphatic, aromatic, arj^laiiphatic, 

5 cycloaliphatic, heterocycJic seriea^ generating cross-hnking by 

6 means of spacer chains. 

I 6. Amidic compounds according to claim i> salilied with heavj'^ metals. 

i 7. Amidic compounds according to cladm 6, wherem the hca^? metals 

5 are those of the 4*^, and 6^ group of the tabic of elements and 

3 preferably silver, cobalt, iron, copper, arsenic, strontium, 

4 2:ircomxto, antimony, gold, cesixim, tungsten, selenium, platinum, 

5 ruthenium^ bismuth, tin, titanium and mercuiy. 

1 8. Amidic compounds according to claims 1-7, salificd with 

2 pharmacologxcaliy active substances- 

j 9- Amidic compounds according to claim 8. wherein the 

1 phannacoIogicaUy active ?5ubstance5 are andbioties, anti-infective, 
antimicrobial, antiviral, cytostatic, antitumoral, anti-inflammatory, 

4 wound h^iing agents, anaesthetics, cholinergic or adrenergic 

i agonists and antagonists, antithrombotic, anticoagulant* 
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6 haemostatic, iiformolytic, thromboiytic agentS:, proteins and their 

^ fragments, peptides, poljnfiucleotides. 

1 10. Amidie compoimds and their salts according to claims 1-9, alone or 

2 > in association mth one another mxd/ot with pharmacologicaliy 

3 active substances for the preparation of pharmaceutical 

4 compo^itiam. 

1 11, Amidic cotnpoxmds and their salts according to claim 10, wherein 

2 the pharmacologically active substances are antibiotics^ anti-- 
-5 mfective, axitimicrofoiai^ antiviiral, cytostatic, antitumoral, anti- 

4 inilammatory, wound healing, anaesthetic agents, choKnergic or 

5 adrenergic agonists or antagonists, antithrombotic, anticoaguiant, 

6 haemostatic, fibrinoiytic, tlirDmboi5?tic agents, proteins and their 

7 fragments, peptides, pol5mucIctotidcs, growth factors, exvs^^rmcs, 
s vaccines, subslajaces used ixi the Ixeatment of dieases associated 
9 with genetic defects, deforming diseases and hereditai^^ diseases. 

1 12. Amidic coinpoTJtnds according to the previous claims, in association 

2 mth radioactive or non-radioactive substances^ used in contrast 
5 systems as labels in in vivo diagnostics to identify and treat tumoral 

4 tissues or da^naged tissues. 

1 13. Pharmaceutical compoi^Jtions containing the amidic compounds 

2 and their salts according to claims 1-9, alone or in association with 

5 one another or with other pharmacolopcally active substances. 

I. J 4. Bioma.tetials constituted by amidic compounds and their salts 

l! according to claims 1*9, alone or m association with one another or 
with other natural, semisynthetic, synthetic polymers and, 

4 optionally, with biologically active substances. 

{ IS. Biomaterials according to claim 14, wherein the natUTBi polymers 

3 are collagen, co--precipitates of collagen and gjycosaminoglycans, 

3 celiulose, polysaccharides in the form of gels such as chitin, 

4 chitosan, pectin or pcclic acid, agar, agarose, xan thane, gellan, 
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aiginic acid or alginates, poij^maxmaffis or poiyglycans^ starch, 
natural giams. 

Biomatexials accordrng to daim 14, wherein the serai^'^ntfietic 
polymers are collagen cross-lmked with agents sucfct as aldehydes 
or precursors of the same, dicaxboxyHc acids or their haiogcmdes, 
diamines, derimtives of cellidose, hyaluronic acid, chitin or 
chitosan, gellaa> xantiiane, pectin or pectic acid* polyglycaias, 
polymannan* agar, agarose^, nataarai gum or giy<x>saminoglycaxas. 
Btomateriais according to claim 14, wherein the ^jntxtheHc polymers 
are polylactic acid, polyglycolic acid or copolymers of the same or 
their derivatives, poiydioxams, polyphosphajssenes, polysulphomc 
resins, polyurethanes, PTFB. 

Biomatcrials according to claims 14-17; in association with fibrin, 
and optionally with other biologically aotivc substances for the 

preparation of surgicad glues. 

Biomaterials according to claims 14-i7 for the preparation of 
scaffolds for ceU ctiltures. 

Biomateriais according to claims 14-17 for the prepaxation of 
stirgscal and health -care articles. 

Biomateriais according to claims 14" 17, in the form of guide 
channels, gaxizfts. threads, gels* hydrogels, tampons, films, 
membranes, sponges^ nan-wow?n ikbrics^ microspheres, 
nanospheres and associations of the same. 

Surgical and health-care articics according to ctattn 20, in the form 
of gxiidc channels, gauges, threads, gels, hydrogels, tampons, films, 
membranes. sponges, non^wovcn fabrics, ratcrospheres, 
nanosphercs* 

Biomateriais according to claims 14-17 for use in surgery, 
haemodialysis, cardiology, dermatology, ophthalmology^', 
ororhinolaryngolog^, dentistry, orthopaedics, gynaecology, iiroiog>% 
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in extra^corporeai blood circijlation and oxygenation, m cosmetics, 
in angiology. 

Biomatedals according to claim 23 where surgei>' should be taken 
to mean mtemal or oateoarticular ^urg^ry, neiirosurgerjr, 
anastomotic> vxscoelastSc, ophthalmic, oncolo^cal, plastic, 
ae^^theac, otorHnolajyiigoiogJcal, abdominal-pelvic, 

urogytiaecologtcal or cardiovascular siargeiy, such as in the 
preparation of cardiac valves, vascular stents, in the prevention of 
post-surgical adhesions and hypertrophic scarring. 
Amidic compounds and tlieir salt$ according to claims 1-9 for the 
coating of biomedical objects such as bypasses, , venous catheters, 
shunts, catheters, guide channek, probes, cardiac valves, arlificiaj 
tendons, bone and cardioyascular prostheses, contact len&es, soft 
tissue prostheses, prostheses of animal origin. Hood oxygenators, 
artificial Mdneys, hearts, pancreas and Hvers. blood bags, syringes^ 
surgical instruments, filiation systems, laboratory instruments, 
containers for ceE cultures and for the regeneration of cells and 
tissues^ supports for peptides, proteins, antibodies. 
Use of the ajmidic compounds according to claims 7-8^ in 
dermatology, ophthalmology, dentistry, stomatology, rheumatology, 
urologf^ gynaecology, internal stirgexy^ as food supplements, anti- 
oxidant* anti-rheumatic* anti-tumoral^ anti*inflammatoiy, analgesic, 
anti-xiicer agents* 

Use of the amidic compounds according to claims 1-5 for the 
preparation of salts with pharmacologically active substances. 
Use of the amidic oompotmds and their saits according to claims 1- 
9 alone or in association with one another and/or with 
pharmacalogically active substances for the preparation of 
pharmaceutical compositions, biomaterials, sut^cal and health- 
care articles, slow release systems and systems for the coating of 
biomedical objects. 
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\ 29. U^c of the amidic compoiands and tiieir salts according to claims 1- 

2 9, m association with radioactive asxd non-mdioactive substances, 

3 lascd in contrast systems as labels in in vivo diagnostics for the 

4 identification and treatment of tumO'Tal tissiies or damaged tissues. 

1 30, Use of the amidic compoimds and their salts according to claim 28, 

2 wilcrein tihe Motnatcri^s arc in the form of guide channeis^ gaiisas.. 
% threads^ gels^ hydrogels, tampons^ filmSy membranes, sponges, ixon- 
4 woven fabrics, microspheres, nanospheres and associations of the 
s same. 

1 31. U^e of the amidic compound according to the previous claims, in 

2 surgery, haemodialysis, cardiology, dermatology, ophthalrnology, 
^ otorhinojaryngology, dentistry, orthopaedics^ gynaecology, urology* 

4 in extracorporeal blood circulation and oxygenation, m cosmetics 

5 and in angioiogy. 

1 32, Use of the amide compounds according to claim 31, where surgery 

2 means internal, osteo-articxilar surgery, nourosuxgexy, anastomotic, 

3 viscoeiastic, ophthalmic, oncological, plastic aesthetic, 

4 otorhinolaryngological> abdominal pelvic, urogyxiaecological, 

5 cardiovascular surgery such as in the preparation of cardiac valves, 

6 vascular stents, in ^e prevention of post-surgtcal adhesions and in 

7 hypertrophic scarrings 

I 33* Use of biomaterials according to claims 14-17, in association with 

Z fibrin, and optionally with other biologicaily active substances for 

3 the prcparatiori of surgical glues. 

i 34 < Use of biomaterials according to claims 14*17 for the preparation of 

1 scaSolds for cell culturcSv 

} 3S* Process for the preparation of amides on the nitrogen of hyaluronic 

2 acid or a dcacetylated derivative thereof involving the following 
5 steps: 

A a) deacctylation reaction; 
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5 h] preparation of the quaternary" ammomum salt of the 

6 dea.cetyiated compound; 

7 c) preparation of the acyiating agent m the form of ^t!ve estex; 

g d) M-acylation reaction between the quatemaay ammomimi salt 

9 of hyaliironic acid or a daacetyiatad derivative thereof and the 

! 0 acyiating agent. 

r 36, Process according to claim 35^ wherein the deacelylatlon reaction is 

2 obtained by using h3?^rajzine sijiphate/hydraddne. 

1 37* Process according to claim 35^^ wherein the quaternaiy ammoniiiiii 

2 salt is the tetrabutylammonium salt. 

1 38* Process accirdmg to claim 35, wherein the active ester i^^ the 

2 paranitrophcnyl ester of aliphatic, aromatic, arylaliphuc, 

3 cycioaliphatic, beterocycHc acid, chosen for the formation of the 

4 ajnside. 

1 39. Process for the preparatian of the amides on the carbosryl of 

2 hyaliJironic acid or a derivative thereof invohdng the foilowmg steps: 

3 a} activatian of the carboxj^ gro\j,ps by reaction of the same, in 

4 ■ the acid form or as a quatemarj^ ammonium salt, with a.n 

5 - activating agent, in acid solution or on acid nssin; 

6 b) reaction with an amine of the aliphatic^ aromatic, 

7 arylaiiphatic, cycloaliphatic, heterocyclic series. 

1 40. Process according to claim 39. wherein the activating agent is 14* 

2 carhonyldiimidasiole- 
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